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Abstract: This study investigated the occurrence (by means of the presence-absence test) 
and level (by means of a plate count technique) of selected potentially pathogenic Vibrio 
species in processed and ready-to-eat seafood, and some raw seafood normally used as raw 
materials or ingredients in these products, that were commercially available in Chiang Mai, 
Thailand. The level of Vibrio in raw seafood was found to range from 50 to 10
4 cfu/g. V. 
alginolyticus was the most frequently found species, followed by V. parahaemolyticus, V. 
cholerae, V. mimicus, and V. vulnificus, in that order. Processed and ready-to-eat products 
were  contaminated  with  at  least  one  of  the  potentially  pathogenic  vibrios  at  significant 
frequencies (25 and 17.5 % of samples, respectively), with the level as high as 10
3 to 10
4 per 
gram in some samples. Incidences of vibrios revealed by the presence-absence test were 
significantly higher than those revealed by the plate count assay. These data point to the 
hazard potential relating to Vibrio in processed and ready-to-eat seafood and the need to 
strictly apply  preventive  measures against Vibrio gastroenteritis through consumption of 
these  food  products.  They  also  suggest  that  analytical  methods  used  in  food  safety 
evaluation in relation to potentially hazardous Vibrio species should be carefully considered.   
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Introduction  
Vibrio  species,  Gram  negative  rod-  (or  curved  rod-)  shaped  bacteria,  are  known  to  occur 
naturally  in  marine  and  freshwater  environments  and  thus  are  commonly  associated  with  seafood 
and/or  food  of  freshwater  origin  [1-3].  Many  species  can  cause  gastrointestinal  diseases.  V. 
parahaemolyticus has been frequently involved in outbreaks of foodborne diseases worldwide [4,5]. V. 
cholerae also constitutes a very important risk. The serogroups O1, O139, and O141 cause cholera, 
while other serogroups can cause less severe diarrhea [5-7]. V. vulnificus is another organism of great 
concern in seafood safety due to the severity of the disease and the high mortality rate it can cause 
[1,8-9]. Other species that have been increasingly recognised as food pathogens in recent years are V. 
mimicus and V. alginolyticus. V. mimicus has genetic and many biochemical similarities to V. cholerae 
[10,11],  and  its  pathogenicity  involves  several  toxins  including  that  of  V.  cholerae  [12].  Many 
foodborne outbreak cases involving V. mimicus have been reported [13-15]. V. alginolyticus is one of 
the  most  common  Vibrio  species  occurring  in  marine  environments  and  seafood  [3,16-19].  This 
species is an opportunistic pathogen [20,21] and its pathogenicity is thought to be similar to that of V. 
parahaemolyticus [22].  
 The occurrence of Vibrio spp. in raw seafood is common, especially seafood from regions with 
temperate climates around the world, from both natural and farm environments, and in seafood of all 
types [16-19,23-27]. However, most surveys are qualitative, which causes difficulties in evaluating the 
risks relating to Vibrio spp. in raw seafood. The level of Vibrio spp. in raw seafood can also affect 
survival  of  the  organisms  through  processing.  For  processed  and  ready-to-eat  seafood  (including 
ready-to-eat products that are intended for raw consumption, such as raw oyster [28,29]), the presence 
and level of Vibrio spp. has a direct impact on food safety. Cases of foodborne outbreaks resulting 
from  consumption  of  ready-to-eat  seafood  dishes,  especially  those  supplied  by  food  catering/food 
service establishments, continually occur [30-34]. Nevertheless, reports on occurrence of Vibrio spp. in 
processed  and  ready-to-eat  seafood  are  scarcely  available.  A  few examples are the incidence of V. 
parahaemolyticus in smoked fish [35] and cooked crayfish [36]. 
  The scarce availability of quantitative data for Vibrio spp. in seafood and of information about 
the occurrence of Vibrio spp. in processed and ready-to-eat seafood has set the interest for this study. 
We  aim  to  examine potentially pathogenic species listed above in raw, processed, and ready-to-eat 
seafood and seafood products by means of qualitative and quantitative methods. Data obtained from 
this study should benefit food catering/food service establishments, food safety-related personnel and 
authority, and those involved in food industry. 
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Materials and Methods 
Food samples 
  A total of 118 seafood samples or samples containing seafood were randomly collected in 
Chiang Mai, Thailand. These samples were commercially available in food markets or supermarkets, 
or prepared by food catering/food service establishments. They consisted of 39 raw seafood samples 
(squids,  crustaceans,  fish  and  shellfish),  16  industrial-scale  processed  seafood  products  (seasticks, 
fish/shrimp balls, fish noodles, fish tofu, squid rolls), and 63 ready-to-eat seafood dishes (sushi-type 
meals;  grilled,  fried,  steamed,  shortly  boiled  seafood;  and  seafood-containing  dishes  prepared  by 
various cooking methods).  
Preparation of food samples for analysis of Vibrio spp. 
  Food  samples  were  transferred  to  the  laboratory  in  closed,  sterile  containers  under  cooled 
conditions. A sample was cut aseptically into small pieces (approx. 0.5-1.0  0.5-1.0 cm) and prepared 
in two separate 25-gram portions for the qualitative (presence-absence) and quantitative (plate count) 
analyses. For shellfish, the shells were separated and only the flesh was used in analysis. For large-size 
seafood such as crab or fish, pieces from all different parts were taken for a sample. The food samples 
were analysed within 2 hours after collection. 
Presence-absence analysis and enumeration of Vibrio spp. in seafood  
Analysis of Vibrio spp. (V. cholerae, V. parahaemolyticus, V. mimicus, V. vulnificus and V. 
alginolyticus)  in  seafood  was  carried  out  using  a  method  modified  from  that  described  in  the 
Bacteriological Analytical Manual [37]. In brief, for presence-absence analysis, a 25-gram portion of a 
food  sample  was  homogenised  in  225  ml  of  alkaline  peptone  water  (APW,  prepared  from 
bacteriological peptone supplied by Hi Media, India), for 1 min using a food homogeniser (Seward 
Stomacher 400, Brinkmann, Canada). The homogenate was then incubated at 37 ºC for 18 h. This was 
then transferred to streak on thiosulphate-citrate-bile salt-sucrose (TCBS, Hi Media, India) agar plate, 
followed  by  incubation  at  37  ºC  for  18-24  h.  For  enumeration,  the  other  25-gram  portion  was 
homogenised in 0.1 %  peptone water in the same manner, giving a 10
-1 dilution, which was further 
diluted in a 10-fold series until desired dilutions were obtained. The homogenate (0.1 ml) was then 
surface-spread on TCBS agar plates in duplicate. The inoculated TCBS plates were incubated at 37 ºC 
for 18-24 h, and a presumptive count was made for each colony type. For both procedures, at least five 
representative  colonies  (or  all  colonies  if  less  than  five  were  recovered)  of  each  colony  type  were 
collected  and  subjected  to  biochemical  tests  (sodium  chloride  tolerance  (0-10  %)  and  lactose 
utilisation),  leading  to  differentiation  of  Vibrio  species  according  to  the  species  characteristics  of 
human  pathogenic  Vibrionaceae  commonly  encountered  in  seafood  listed  in  the  Bacteriological 
Analytical  Manual  [37].  The  bacterial  isolates  were  maintained  on  trypticase  soya  agar  (TSA,  Hi  
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Media, India) slant containing 1.0 % sodium chloride at 4 ºC or as stab cultures in the same medium at 
room temperature.  
 
Reporting the occurrence and level of Vibrio spp.  
 
The results from the qualitative analysis for each Vibrio spp. in a food sample was reported as 
being present or absent in 25 grams of food. From the quantitative analysis, the level of each Vibrio 
spp. in colony forming units per gram (cfu/g) was deduced as followed.  
 
Level of a certain Vibrio species (cfu/g) = (R2/R1)×T 
                                W 
  where: R1 = number of representative presumptive colonies (cfu) sampled for analysis 
    R2 = number of representative colonies (cfu) identified as a certain species 
    T   = Total number (average from duplicates) of presumptive colonies (cfu)  
on TCBS agar plates of selected dilution 
W = weight (gram) of food sample in analytical volume of food homogenate  
drawn from the dilution in which enumeration was performed  
   
 
Results and Discussion 
The qualitative (presence–absence test) and quantitative (plate count) methods were used in 
parallel in order to obtain the advantages offered by both. The presence–absence test is more sensitive 
in  revealing  the  presence  of  the  organisms  while  the  plate  count  method  gives  the  level  of 
contamination which is more closely related to illnesses potentially caused by Vibrio species. The 
analysis of seafood or seafood-containing samples by the presence-absence test and/or plate count 
revealed contamination of different potentially pathogenic Vibrio spp. in all seafood categories (raw, 
processed, and ready-to-eat).  
Contamination of raw seafood by V. alginolyticus was most frequent (61.5 %), followed by V. 
parahaemolyticus (43.6 %), V. cholerae (35.9 %), V. mimicus (23.1 %), and V. vulnificus (2.6 %). The 
level of contamination ranged from 50 to 4.510
4 per gram (Table 1). Since Vibrio spp. can occur 
naturally in an aquatic environment, the presence of these organisms in raw seafood may be expected 
[38,39]. However, the high level (10
3-10
4 per gram) of Vibrio spp. in some samples of raw seafood 
may indicate inadequate control in storage temperature from the time of harvesting, and this level is 
regarded as unsatisfactory by some food criteria [39]. Furthermore, the high level (up to 10
4 per gram) 
of V. parahaemolyticus (such as that found in clam, Table 1) is regarded as potentially hazardous [39], 
considering the possibility of the contaminant strain(s) being pathogenic. These potentially pathogenic 
vibrios would also have an impact on safety of processed/cooked ready-to-eat food if they survive  
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insufficient processing/cooking conditions, or they could be an important source of recontamination 
after processing.  
 
Table 1.  Levels of contamination of potentially pathogenic Vibrio spp. in raw seafood 
Level of contamination by potentially pathogenic species  Seafood group 
V. alginolyticus  V. cholerae  V. mimicus  V. parahaemolyticus  V. vulnificus 
squid  1.0×10
2-3.0×10
4  3.0×10
3-7.0×10
3  1.0×10
2-9.5×10
3  1.0×10
3-2.0×10
3  1.0×10
2 
prawn, shrimp, lobster  1.5×10
2-1.0×10
3  1.8×10
3-5.6×10
3  not detected  5.0×10
1-4.0×10
2  not detected 
shellfish (clam, 
mussel, oyster) 
1.5×10
2-4.5×10
4  3.9×10
3  1.0×10
3-3.3×10
4  1.0×10
2-1.3×10
4  not detected 
crab  1.3×10
3-2.8×10
3  1.6×10
4  1.0×10
2  1.8×10
3-6.7×10
3  not detected 
fish  6.7×10
2-3.5×10
3  3.3×10
2  2.0×10
2  1.1×10
3  not detected 
 
Contamination of pathogenic Vibrio spp. in industrially processed seafood products and ready-
to-eat seafood dishes is demonstrated in Table 2. The summary of the overall positive results obtained 
by the presence-absence and plate count analyses are given in Table 3.  
From  Tables  2  and  3,  industrially  processed  and  ready-to-eat  seafood  samples  were 
contaminated with the potentially pathogenic Vibrio spp. at significant frequencies. The presence of V. 
cholerae and V. parahaemolyticus (as well as other vibrios) in industrially processed and ready-to-eat 
foods is contrary to what is expected [39-41]. This also applies to other vibrios. Industrially processed 
seafood  products,  such  as  fish/shrimp  balls  and  sea  sticks,  generally  are  passed  through  a 
pasteurisation  process,  which  should  eliminate  all  non-spore-forming  microorganisms.  As  for  the 
ready-to-eat seafood dishes examined, most were cooked dishes, except one that was intended for raw 
consumption (prawn in fish sauce). The occurrence of Vibrio spp. in processed and cooked ready-to-
eat seafood indicated insufficient processing or post-process contamination. 
As  summarised  in  Table  3,  the  proportion  of  samples  contaminated  with  Vibrio  spp.  as 
determined  by  the  presence-absence  and  the  plate  count  method  was  significantly  different.  The 
presence-absence analysis was more sensitive, revealing more positive samples than the plate count 
analysis,  as  expected.  This  stresses  the  importance,  even  when  quantitative  data  are  required,  of 
applying the presence-absence analysis parallel to enumeration in examining vibrios in seafood for 
compliance with a zero-tolerant standard. This is crucial, especially when analysing processed food in 
which low number of organisms are expected, food which has potential to allow low level of Vibrio  
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contaminants to multiply, food prepared for the immunocompromised group, and food suspected of 
containing Vibrio spp. of severe hazard category or those which have a low infectious dose.    
 
Table 2.  Occurrence and level of Vibrio spp. in raw seafood, industrially processed seafood products, 
and ready-to-eat seafood dishes 
 
Sample 
category 
Food sample contaminated with 
potentially pathogenic  Vibrio spp.  
Vibrio species isolated   Occurrence of 
Vibrio spp. in 25 
grams of food
 a 
Level of 
Vibrio spp. 
(cfu/g)
 b 
fish balls  V. cholerae 
V. mimicus 
P 
P 
- 
- 
sea sticks  V. mimicus  P  - 
fish balls  V. cholerae  P  - 
industrially 
processed 
products  
shrimp balls  V. parahaemolyticus  P  - 
mixed seafood salad  V. alginolyticus  P  - 
spicy mackerel salad   V. alginolyticus  P  2.0210
4 
prawn salad in lime dressing  V. mimicus 
V. cholerae 
P 
P 
1.110
3 
1.010
2 
steamed seafood in coconut sauce  V. cholerae  P  - 
deep-fried battered squid  V. cholerae 
V. mimicus 
P 
P 
- 
- 
steamed squid in lime sauce  V. cholerae 
V. mimicus 
P 
P 
- 
- 
squid salad with lime dressing  V. mimicus  P  - 
stir-fried prawn with black pepper  V. cholerae  P  - 
spicy seafood salad   V. mimicus 
V. cholerae 
P 
P 
3.910
3 
5.010
1 
prawn in fish sauce  V. cholerae  P  2.310
3 
ready-to-
eat seafood 
dishes 
hot and sour soup with prawn  V. mimicus  P  - 
a Presence and absence of Vibrio spp. are indicated by P and A, respectively. 
b The – symbol represents no occurrence by means of surface-spread plate count method, i.e. a level under limit of 
detection (50 cfu/g). 
 
Since contamination of vibrios in seafood is a problem worldwide (as reviewed above) and the 
same is assumed for processed and ready-to-eat seafood products, the results of this study are therefore 
believed to be implicative also for geographical areas other than Thailand. The occurrence or level of 
the potentially pathogenic Vibrio species presented here indicates risks in consumption of undercooked 
or re-contaminated processed and ready-to-eat (including uncooked) seafood and reaffirms the need to 
enhance their safety quality. The safety of industrially processed seafood and ready-to-eat seafood  
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available at  markets/supermarkets or food catering establishments can  be of great significance  for 
public  health  [32,42].  Preventive  measures  such  as  proper  handling  and  storage  of  raw  seafood, 
effective reduction of Vibrio spp. in seafood used as raw material, and strict control of safety quality 
along  food  processing  and  food  preparation  processes  (especially  in  the  food  industry  and  food 
catering unit) should be urgently applied. To promote the safety of ready-to-eat food, of which quality 
monitoring cannot be carried out routinely, educating food service personnel seems to be the most 
promising solution. 
 
Table 3.  Frequency of positive samples with Vibrio spp. revealed by presence-absence and plate count 
analyses 
 
Number (percentage frequency) of contaminated 
samples by presence-absence analysis 
Number (percentage frequency) of contaminated 
samples by plate count analysis 
Specific Vibrio species
b   Specific Vibrio species
 b 
Seafood 
category 
(no. of 
samples 
examined) 
All 
vibrios
a 
Va  Vc  Vm  Vp  Vv 
All 
vibrios
a 
Va  Vc  Vm  Vp  Vv 
industrially 
processed 
seafood (16) 
4 
(25.0) 
0 
(0) 
2 
(12.5) 
2 
(12.5) 
1 
(6.3) 
0 
(0) 
0 
(0) 
0 
(0) 
0 
(0) 
0 
(0) 
0 
(0) 
0 
(0) 
ready-to-eat 
seafood  
 (63) 
11 
(17.5) 
2 
(3.2) 
7 
(10.8) 
6 
(9.2) 
0 
(0) 
0 
(0) 
 
4 
(6.3) 
1 
(1.6) 
3 
(4.8) 
2 
(3.2) 
0 
(0) 
0 
(0) 
 
a all of the 5 species examined. 
 b Va = V. alginolyticus, Vc = V. cholerae , Vm = V. mimicus , Vp = V. parahaemolyticus , Vv = V. vulnificus. 
 
 
Conclusions 
This study has demonstrated the hazard potential of raw seafood, industrial-scale processed 
seafood products, and ready-to-eat seafood dishes prepared by food service establishments in relation 
to  potentially  pathogenic  Vibrio  spp.,  which  calls  for  attention  and  preventive  action  of  the  food 
processing industry, food catering industry, and food authority. It also raises a critical issue in food 
analysis  and  standard  compliance,  as  significant  differences  in  the  ability  of  qualitative  and 
quantitative methods to recover Vibrio spp. in seafood samples have been demonstrated. The level of 
Vibrio spp. in seafood given here should also be useful for risk assessment concerning pathogenic 
vibrios.  
 
  
Maejo Int. J. Sci. Technol.  2009, 3(01), 88-98   
 
 
95 
 
 
Acknowledgements 
  This project was funded by the Faculty of Engineering and Agro-industry, Maejo University 
Chiang Mai, Thailand. The authors also thank Junjira Wanchana for her excellent technical assistance.   
 
 
References  
1.  J. D. Oliver and J. B. Kaper, in “Food Microbiology: Fundamentals and Frontiers”, 2
nd Edn. (Ed. 
M. P. Doyle, L. R. Beuchat, and T. J. Montville), ASM Press, Washington, D.C., 2001, Ch. 13. 
2.  S. Jakšić, S. Uhitil, T. Petrak, D. Bažulić, and L. G. Karolyi, “Occurrence of Vibrio spp. in sea fish, 
shrimps and bivalve molluscs harvested from Adriatic Sea”, Food Control, 2002, 13, 491-493. 
3.  D. Hervio-Heath, R. R. Colwell, A. Derrien, A. Robert-Pillot, J. M. Fournier, and M. Pommepuy, 
“Occurrence  of  pathogenic  vibrios  in  coastal  areas  of  France”,  
J. Appl. Microbiol., 2002, 92, 1123–1135. 
4.  J. C. Cato, “Seafood safety: Economics of hazard analysis and critical control point (HACCP) 
programmes”, Fisheries Technical Paper No. 381 of the Food and Agricultural Organization of the 
United Nations, Rome, 1998. 
5.  CDC (Centers for Disease Control and Prevention), “Summary of human Vibrio isolates reported to 
CDC,  2004”,  (no  date),  retrieved  June  20,  2008,  from  http://www.cdc.gov/food 
borneoutbreaks/vibrio_sum/CSTEVibrio2004.pdf. 
6.  J. A. Crump, C. A. Bopp, K. D. Greene, K. A. Kubota, R. L. Middendorf, J. G. Wells, and E. D. 
Mintz,  “Toxigenic  Vibrio  cholerae  serogroup  O141-associated  cholera-like  diarrhea  and 
bloodstream infection in the United States”, J. Infect. Dis., 2003, 187, 866-868. 
7.  A. Dalsgaard, O. Serichantalergs, A. Forslund, W. Lin, J. Mekalanos, E. Mintz, T. Shimada, and J. 
G. Wells, “Clinical and environmental isolates of Vibrio cholerae serogroup O141 carry the CTX 
phage and the genes encoding the toxin-coregulated pili”, J. Clin. Microbiol., 2001, 39, 4086-4092. 
8.  N. Bisharat, V. Agmon, R. Finkelstein, R. Raz, G. Ben-Dror, L. Lerner, S. Soboh, R. Colodner, D. 
N. Cameron, D. L. Wykstra, D. L. Swerdlow, and J. J. Farmer, “Clinical, epidemiological, and 
microbiological features of Vibrio vulnificus biogroup 3 causing outbreaks of wound infection and 
bacteremia in Israel”, Lancet, 1999, 354, 1421-1424. 
9.  K. Yamamoto, Y. Ichinose, H. Shinagawa, K. Makino, A. Nakata, M. Iwanaga, T. Honda, and T. 
Miwatani, “Two-step processing for activation of the Cytolysin/Hemolysin of Vibrio cholerae O1 
biotype  El  Tor:  nucleotide  sequence  of  the  structural  gene  (hly  A)  and  characterization  of  the 
processed products”, Infect. Immun., 1990, 58, 4106-4116.  
10.  J.  Chun,
 A. Huq, and R. R. Colwell, “Analysis of 16S-23S rRNA intergenic spacer regions of 
Vibrio cholerae and Vibrio mimicus”, Appl. Environ. Microbiol., 1999, 65, 2202-2208.  
Maejo Int. J. Sci. Technol.  2009, 3(01), 88-98   
 
 
96 
 
 
11. B. R. Davis, G. R. Fanning, J. M. Madden, A. G. Steigerwalt, H. B. Bradford Jr., H. L. Smith Jr., 
and  D.  J.  Brenner,  “Characterization  of  biochemically  atypical  Vibrio  cholerae  strains  and 
designation of a new pathogenic species, Vibrio mimicus”, J. Clin. Microbiol., 1981, 14, 631-639. 
12. S. Shinoda, T. Nakagawa, L. Shi, K. Bi, Y. Konah, K. Tomochika, S. Miyoshi, and T. Shimada, 
“Distribution  of  virulence-associated  genes  in  Vibrio  mimicus  isolated  from  clinical  and 
environmental origins”, Microbiol. Immunol., 2004, 48, 547-551.  
13. W. X. Shandera, J. M. Johnston, B. R. Davis, and P. A. Blake, “Disease from infection with Vibrio 
mimicus, a newly recognized Vibrio Species”, Ann. Intern. Med., 1983, 99, 169-171. 
14.  W.  C.  Levine  and  P.  M.  Griffin,  “Vibrio  infections  on  the  Gulf  Coast:  results  of  first  year  of 
regional surveillance and the Gulf Coast Vibrio working group”, J. Infect. Dis., 1993, 167, 479-
483. 
15. W. G. Hlady and K. C. Klontz, “The epidemiology of Vibrio infections in Florida, 1981-1993”, J. 
Infect. Dis., 1996, 173, 1176-1183. 
16. S. W. Joseph, R. R. Colwell, and J. B. Kaper, “Vibrio parahaemolyticus and related halophilic 
vibrios”, Crit. Rev. Microbiol., 1982, 10, 77-124. 
17. G. Ripabelli, M. L. Sammarco, G. M. Grasso, I. Fanelli, A. capriole, and I. Luzzi, “Occurrence of 
Vibrio and other pathogenic bacteria in Mytilus galloprovincialis (mussels) harvested from Adriatic 
Sea, Italy”, Int. J. Food Microbiol., 1999, 49, 43-48. 
18.  S.  Gopal,  S.  K.  Otta,  S.  Kumar,  I.  Karunasagar,  M.  Nishibuchi,  and  I.  Karunasagar,  “The 
occurrence of Vibrio species in tropical shrimp culture environments; implications for food safety”, 
Int. J. Food Microbiol., 2005, 102, 151-159.   
19. F. A. Colakoglu, A. Sarmasik, and B. Koseoglu, “Occurrence of Vibrio spp. and Aeromonas spp. in 
shellfish harvested off Dardanelles coast of Turkey”. Food Control, 2006, 17, 648-652. 
20. S. M. Caccemese and D. A. Rastegar, “Chronic diarrhea associated with Vibrio alginolyticus in an 
immunocompromised patient”, Clin. Infect. Dis., 1999, 29, 946-947.  
21.  S.  Zhou,  Z.  Hou,  N.  Li.,  and  Q.  Qin,  “Development  of  a  SYBR  green  I  real-time  PCR  for 
quantitative detection of Vibrio alginolyticus in seawater and seafood”, J. Appl. Microbiol., 2007, 
103, 1897-1906. 
22.  N.  González-Escalona,  G.  M.  Blackstone,  and  A.  DePaola,  “Characterization  of  a  Vibrio 
alginolyticus  strain,  isolated  from  Alaskan  oysters,  carrying  a  hemolysin  gene  similar  to  the 
thermostable  direct  hemolysin-related  hemolysin  gene  (trh)  of  Vibrio  parahaemolyticus”,  Appl. 
Environ. Microbiol., 2006, 72, 7925-7929. 
23.  K-Y.  Chan,  M.  L.  Woo,  L.  Y.  Lam,  and  G.  L.  French,  “Vibrio  parahaemolyticus  and  other 
halophilic vibrios associated with seafood in Hong Kong”, J. Appl. Microbiol., 1989, 66, 57-64. 
24. A. Dalsgaard, H. H. Huss, A. H-Kittikun, and J. L. Larsen, “Prevalence of Vibrio cholerae and 
Salmonella in a major shrimp production area in Thailand”, Int. J. Food Microbiol., 1995, 28, 101-
113.  
Maejo Int. J. Sci. Technol.  2009, 3(01), 88-98   
 
 
97 
 
 
25. J. Duan and Y. C. Su, “Occurrence of Vibrio parahaemolyticus in two Oregon oyster-growing 
bays”, J. Food Sci., 2005, 70, M58-M63. 
26. M. A. R. Chowdhury, H. Yamanaka, S. Miyoshi, K. M. S. Aziz, and S. Shinoda, “Ecology of 
Vibrio mimicus in aquatic environments”, Appl. Environ. Microbiol., 1989, 55, 2073-2078. 
27. W. Baffone, A. Pianetti, F. Bruscolini, E. Barbieri, and B. Citterio, “Occurrence and expression of 
virulence-related properties of Vibrio species isolated from widely consumed seafood products”, 
Int. J. Food Microbiol., 2000, 54, 9-18.  
28. A. Lozano-León, J. Torres, C. R. Osorio, and J. Martinez-Urtaza, “Identification of tdh-positive 
Vibrio  parahaemolyticus  from  an  outbreak  associated  with  raw  oyster  consumption  in  Spain”, 
FEMS Microbiol. Lett., 2003, 226, 281-284. 
29. J. B. McLaughlin, A. DePaola, C. A. Bopp, K. A. Martinek, N. P. Napolilli, C. G. Allison, S. L. 
Murray, E. C. Thompson, M. M. Bird, and J. P. Middaugh, “Outbreak of Vibrio parahaemolyticus 
gastroenteritis associated with Alaskan oysters”, N. Engl. J. Med., 2005, 353, 1463-1470. 
30. W. H. Barker Jr., P. A. Mackowiak, M. Fishbein, G. K. Morris, J. A. D’alfonso, G. H. Hauer, and 
O.  Felsenfeld,  “Vibrio  parahaemolyticus  gastroenteritis  outbreaks  in  Covington,  Louisiana,  in 
August 1972”, Am. J. Epidemiol., 1974, 100, 316-323. 
31. D. L. Ting, B. D. Dacula, G. B. Abad-Viola, and C. R. Roces., “Food poisoning outbreak during a 
wedding banquet in San Juan, Metro, Manila”, Phil. J. Microbiol. Infect. Dis., 1997, 26, 173-176. 
32. L. Cavalieri d'Oro, E. Merlo, E. Ariano, M. G. Silvestri, A. Ceraminiello, E. Negri , and C. La 
Vecchia, “Vibrio cholerae outbreak in Italy”, Emerg. Infect. Dis., 1999, 5, 300-301. 
33. R.  Kay, “Vibrio outbreak discovered in Duval County”, Epi Update (August 8, 2003), retrieved 
June  20,  2008,  from  http://www.doh.state.fl.us/Disease_ctrl/epi/Epi_Updates/Epi_Weekly/08-08-
03.htm. 
34.  J.  Martinez-Urtaza,  L.  Simental,  D.  Velasco,  A.  DePaola,  M.  Ishibashi,  Y.  Nakaguchi,  M. 
Nishibuchi, D. Carrera-Flores, C. Rey-Alvarez, and A. Pousa, “Pandemic Vibrio parahaemolyticus 
O3:K6, Europe”, Emerg. Infect. Dis., 2005, 11, 1319-1320. 
35. A. A. Basti, A. Misaghi, T. Z. Salehi, and A. Kamkar, “Bacterial pathogens in fresh, smoked and 
salted Iranian fish”, Food Control, 2006, 17, 183-188. 
36. N. H. Bean, E. K. Maloney, M. E. Potter, P. Korazemo, B. Ray, J. P. Taylor, S. Seigler, and J. 
Snowden, “Crayfish: a newly recognized vehicle for Vibrio infections”, Epidemiol. Infect., 1998, 
121, 269-273. 
37.  C.  A.  Kaysner  and  A.  DePaola  Jr.,  in  “Bacteriological  Analytical  Manual  Online”,  (Ed.  G.  J. 
Jackson, R. I. Merker, and R. Bandler), Center for food safety and applied nutrition, U.S. Food and 
Drug  Administration,  May  2004,  Ch.  9,  retrieved  June  21,  2008,  from 
http://www.cfsan.fda.gov/~ebam/bam-9.html#tab1. 
38. N. El-Hadi, S. Radu, C. H. Chen, and M. Nishibuchi, “Prevalence of potentially pathogenic Vibrio 
species in the seafood marketed in Malaysia”, J. Food Prod., 2004, 67, 1469-1475.   
Maejo Int. J. Sci. Technol.  2009, 3(01), 88-98   
 
 
98 
 
 
39. FSANZ (Food Standards Australia New Zealand), “Guidelines for the microbiological examination 
of  ready-to-eat  foods”,  December  2001,  retrieved  June  20,  2008,  from 
http://www.foodstandards.gov.au/_srcfiles/Guidelines%20for%20Micro%20exam.pdf. 
40. R. J. Gilbert, J. de Louvois, T. Donovan, C. Little, K. Nye, C. D. Ribeiro, J. Richards, D. Roberts, 
and F. J. Bolton, “Guidelines for the microbial quality of some ready-to-eat foods sampled at the 
point of sale”, Commun. Dis. Public Health, 2000, 3, 163-167.  
41.  Centre  for  food  safety,  “Microbiological  guidelines  for  ready-to-eat  food”,  Food  and 
Environmental Hygiene Department, Hong Kong, 2007. 
42.  W.  Tangkanakul,  P.  Tharmaphornpilas,  D.  Datapon,  and  S.  Sutantayawalee,  “Food  poisoning 
outbreak from contaminated fish balls”, J. Med. Assoc. Thai., 2000, 83, 1289-1295.  
 
 
 
© 2009 by Maejo University, San Sai, Chiang Mai, 50290 Thailand. Reproduction is permitted for 
noncommercial purposes.  
 